Public capital spending positively contributes to economic growth and development in many countries worldwide. However, questions concerning the importance of inflation in the public investmentgrowth relationship are of great interest. This study examines the role of inflation in the public investment-growth relationship in Vietnam using the two-step GMM Arellano-Bond estimators for a balanced panel data of 52 provinces during the period of [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] . More interesting are the empirical findings. First, inflation significantly increases the volume of public capital spending. Second, public investment and inflation enhance economic growth, but their interaction term impedes it. Third, private investment, government recurrent expenditure, and trade openness are the significant determinants of growth. These findings suggest some important policy implications related to public capital spending and inflation in developing countries, specifically the Vietnam government.
Introduction
Many governments worldwide increasingly invest in infrastructure, education, and health through public investment projects to enhance economic growth, create more employments, and stabilize social security. Thus, public investment crucially contributes to economic activities. However, public capital spending may adversely affect economic development, which originates from two main causes: public capital spending reduces private investment due to crowding-out effect, and inefficient public investment projects do not bring the expected benefits to people, and lower the productivity of public capital.
In Vietnam, public capital spending is a primary derivative of infrastructure development for the economy. During the transition process to a market-oriented economy, the Vietnam government continuously implements the expansionary fiscal policy by increasing public capital spending with expectation that public investment positively promotes economic activities, enhances the productivity of the economy, and stimulates investment capital from private sector. However, the level of public investment capital of the Vietnam government often fluctuates, which strongly depends on the situation of the economy. In the case of economic recession and high unemployment, the level of public investment capital increases sharply, but it will be cut down immediately if the economy grows rapidly with high inflation.
The model of economic development in Vietnam is inherently based on investment capital so far . The capital/GDP ratio increases up 41.9% in 2010 from 35.4% in 2001. The average capital/GDP ratio over the [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] period is approximately 41%, a relatively high increase compared with the 1991-2010 period, which is ranked the highest in East and Southeast Asia. In 10 years, the capital volume of foreign investment sector, private sector and public sector increased by 5.1, 3.5, and 2.5 times, respectively. In regard to the structure, however, the public sector still accounts for the largest proportion in the total investment of the whole society. In the period of 2000-2009, investment by public sector in economic sectors accounted for a high proportion (73% of public total investment) while its investment in social sectors, which has direct impacts on human development, decreased from 17.6% in 2000 to 15.2% in 2009. Accordingly, from 2005 to 2010, investment by public investment in agriculture decreased from 7.14% to 5.86%, in science, education and training from 6.75% to 5.55%, and in healthcare and social subsidy from 3.37% to 2.7%. Contrarily, public capital spending in state management, public security, national defense, and political unions increased from 8.29% in 2005 to 9.67% in 2010.
In short, the statistical data show that investment by public sector in Vietnam still focuses on sectors in which private sector is strong and willing to invest while its investment in the sectors to develop human resources (human capital) is not commensurate. It seems inappropriate with the fundamental principles of public investment that public sector has to set up the basis for the society's development and the economy's growth and undertake low profit, large capital projects which the private sector refuses and leave other projects which the private sector can do better.
Motivated by the fact that Vietnam is a fast-growing economy with a relatively high level of public investment, we shed a new light on taking account of inflation for the understanding of public investment-growth relationship in Vietnam. Most of the related literature on public investment and inflation has either examined the relationship between public investment and growth (Rodríguez-Pose et al., 2012; Abiad et al., 2016; Andrade & Duarte, 2016) or the relationship between inflation and growth (Vinayagathasan, 2013; Baglan & Yoldas, 2014; Bittencourt et al., 2015; Thanh, 2015) . No existing papers estimate the effects of public investment, inflation, and their interaction term on growth. To investigate the role of inflation in the public investment-growth relationship in Vietnam for a balanced panel data of 52 provinces over the 2005-2014 period, we first use the two-step system GMM Arellano-Bond estimator (S-GMM) to estimate the impact of inflation on public investment. Then, we examine the effects of public investment, inflation, and their interaction term on growth. In particular, the robustness of the estimation will be checked by the two-step difference GMM Arellano-Bond estimator (D-GMM).
Given the relevance of this topic, the influence of inflation on the public investmentgrowth relationship is theoretically analyzed and modeled by Ferreira (1999) . Ferreira arguably states that government investment is financed by inflation tax, and has a spillover effect on the macro variables of the model. When government investment increases, national income increases. In particular, "… money creation finances public investment, and thus increases the growth rate of output and consumption and therefore improves consumer's utility." (Ferreira, 1999, page 553) . It implies an increase in inflation leads to an increase in public investment, which has a significant effect on economic growth. Accordingly, the analytical framework will be definitely developed to form empirical equations in Section 3.
The paper is structured in the following way. Section 2 takes a look into the literature, which reviews the public investment-growth relationship as well as the inflation-growth relationship. Section 3 develops an analytical framework to form the empirical equation. The model specification and research data are presented in Section 4 that specially emphasizes the characteristic and appropriateness of the two-step GMM Arellano-Bond estimators. Section 5 is the empirical results that consist of S-GMM estimates and the robustness check by D-GMM. The final section concludes and suggests some important policy implications.
Literature review
The public investment-growth relationship Public capital spending plays an important role in economic development and activities because it positively contributes to improving infrastructure and enhancing accumulation of human capital. report public investment has a significantly positive net impact on GDP in Pakistan over the period of 1964-1997 by using OLS estimation. Meanwhile, Mittnik and Neumann (2001) argue public capital is a crucial input of production and positively promotes economic activities of private sector while the way public sector being financed can be detrimental to this sector's development. Indeed, by using VAR model for quarterly time series data of six developed countries, Mittnik and Neumann (2001) show public investment is a source of endogenous growth. Similarly, Milbourne et al. (2003) use the extension Solow-Swan growth model developed by Mankiw, Romer and Weil for 74 countries and find the effect of public investment on economic growth is not significant for the steady state model while it is significantly positive for the transition model. In the same vein, by using 3SLS estimation and time series data during 1981 -2003 , Murty and Soumya (2007 show a sustained increase in public capital spending in infrastructure in India, financed by commercial banks, positively affects economic growth. More recently, Andrade and Duarte (2016) employ ADL estimations proposed by Krolzig-Hendry-Doornik to investigate the effect of public investment on Portuguese economic growth over the period of 1960-2013. The estimated results show public investment has a significantly positive effect on economic growth.
However, government decisions on the distribution of public capital among regions are of great political concern among policymakers (Kataoka, 2005) . Ramirez and Nazmi (2003) suggest scarce public sources should be used for contribution to new human capital (via education) and the maintenance of existing human capital (through healthcare). Using the seemingly unrelated (SUR) procedure for nine major Latin American countries during the period of 1983 -1993 , Ramirez and Nazmi (2003 show public investment spending positively contributes to economic growth. Kataoka (2005) , who employs fixed effects estimation for a panel data of 47 prefectures in Japan during the period of 1955-2000, concludes public investment is a policy tool for adjusting income distribution and boosting economic growth in regions. In addition, policies of fiscal adjustment towards decreasing government investment may reduce aggregate investment, negatively affect economic growth and even impede the adjustment in the future (Belloc & Vertova, 2006) . The paper by Belloc and Vertova (2006) which uses VECM model for seven highly indebted lowincome countries over the period of 1970-1999 finds a significantly positive relation between public investment and output in these countries.
In addition, some theoretical models are developed to examine the effect of public capital spending on economic growth. Rodríguez-Pose et al. (2012) develop a model which captures not just the effect of public capital spending in Greek prefectures, but also the spillovers associated with the existence of externalities from neighboring regions. The results from testing this model by the estimation methods of fixed effects and pooled OLS for a panel data of 51 prefectures in Greek during the period of 1978-2007 show a significantly positive effect of public investment on regional economic growth in long run. Similarly, Abiad et al. (2016) uses model simulations to investigate the macroeconomic effects of public investment for a sample of 17 OECD economies over the period of 1985-2013. The study finds increased public investment promotes economic growth in both short term and long term, crowds in private investment, and reduces unemployment.
The inflation-growth relationship
One of the main goals of monetary authorities is to maintain the stability of price level which in turn creates the sound macro-environment to enhance the economic growth. So, the policymakers should understand more clearly the relationship between inflation and growth to design, formulate and implement reasonable policies. In regard with the relevance of this topic, most of related literature shows a non-linear relationship between inflation and growth whilst some find a negative link. In particular, Mallik and Chowdhury (2001) For the nonlinear relationship between inflation and growth, all studies are carried for samples of countries except Risso and Carrera (2009) find the threshold value of inflation 9% for Mexican economy. The threshold values of inflation in developing countries (7-11%) are relatively higher than those in developed countries (1-3%) (Khan & Senhadji, 2001; López-Villavicencio & Mignon, 2011) . Most of these papers confirm the inflation-growth relationship is significantly negative if inflation is above the threshold value while it is insignificant (Vaona & Schiavo, 2007; Risso & Carrera, 2009; Kremer et al., 2013; Vinayagathasan, 2013) or significantly positive (Bick, 2010; Omay & Öznur Kan, 2010; Thanh, 2015) if inflation is below this threshold value.
To summarize, there is no existing studies on the role of inflation in the public investment-growth relationship. It is a research gap to which this paper addresses to contribute to the related literature.
Analytical framework
Supposing the economy has two major inputs including domestic capital stock (public and private investment capital) and working force. The analytical framework starts with the traditional aggregate production function Cobb-Douglas as follows:
where Y is real gross domestic product (GDP); G and P are public investment capital and private investment capital respectively; L is the number of workers employed; A is the total factor productivity (TFP); α, β, and 1 -α -β are the production elasticities.
We transfer equation (1) into the log-linear form:
We write equation (2) in growth form with a time series specification:
According to the theory of endogenous growth (Romer, 1986; Lucas, 1988) , the total factor productivity, capital stock and working force are endogenous variables. For convenience Eq. (3) is rewritten as follows::
where GIN, PIN, and LAB are public investment, private investment, and labor force respectively. Public investment has a positive impact on economic growth because it contributes to improving infrastructure and enhancing accumulation of human capital. Blankenau and Simpson (2004) confirm the government plays a crucial role in accumulation of human capital by public spending in education. Thus, public investment affects the longrun economic growth.
There are many factors which have impacts on the total factor productivity (TFP). In this study, the determinants of TFP are determined as follows:
where INF, GEX, TEL, OPE are inflation, recurrent expenditure, infrastructure development, and trade openness, respectively. The consumer price index has important effects on growth (Friedman, 1977) . Its impact on economic growth may be positive or negative. The positive impact comes from potential benefits of this index in improving the saving and investment while the negative impact is detrimental to the economy because it increases the transaction costs of economic activities (Jin & Zou, 2005) . Meanwhile, the composition of recurrent expenditure is diversified, including expenses for administration and costs of operations and maintenance for education, science, and technology. Bose et al. (2007) argue in the growth theory that education, science, technology, environment, and healthcare are important factors for the economic prosperity in future. In the same vein, the infrastructure development can be measured in some different ways such as the length of high way per square kilometer (Du, Lu & Tao, 2008) , the length of railway (Kuzmina et al., 2014) or the fixed telephone subscriptions per 100 people (Bissoon, 2012) . It is proxy for development of infrastructure which has an influence on economic growth in a country (Asiedu, 2002) . Finally, the theory of endogenous growth indicates the improved activities of imports and exports have a positive impact on economic growth (Romer, 1986; Lucas, 1988) . The trade liberalization leads to highly absorb technological progress and exchange more imported goods and services between countries and so promotes the economic growth (Grossman & Helpman, 1991; Barro & Sala-i-Martin, 2004 ).
We substitute equation (5) 
According to Barro et al. (1991) and Tondl (2001) , due to the conditional convergence of per capita income in the long term between the countries, the initial level of per capita income (the first lag of GDP per capita) has a negative impact on economic growth. This variable is added in the equation (6) 
In particular, an increase in inflation can lead to an increase in public capital spending, which may significantl affect economic growth (Ferreira, 1999) . Therefore, the interaction term between public investment and inflation is corporated in the final empirical model: 
Model specification and research data

Model specification
Based on the analytic framework, the empirical equation is as follows: 
where subscript i and t are the province and time index, respectively and 1 ′ = 1 + 1 . Y it is the natural logarithm of real GDP per capita, Y it-1 is proxy for initial level of per capita income, GIN it is public investment, and INF it is the natural logarithm of consumer price index, proxy for inflation. X it is a set of control variables (private investment, government current expenditure, labor force, infrastructure, and trade openness); η i is an unobserved time-invariant, province-specific effect and ζ it is an observation-specific error term. The coefficient β' 1 in Eq. (10) will be positive if it is conditional convergent and negative if divergent (Barro et al., 1991; Tondl, 2001 ).
For Eq. (10), we use the general method of moments (GMM) Arellano and Bond (1991) estimators first proposed by Holtz-Eakin et al. (1988) . Eq. (9) is a dynamic model, so we take the first difference to remove province-specific effects. Then, the regressors in first difference are used as instrumented by their lags under the assumption that time-varying disturbances in the original models are not serially correlated (Judson and Owen, 1999) . This strategy is D-GMM, which is well-known to be able to deal with simultaneity biases in regressions.
Eq. (10) can be transformed into an equation in first difference as follows:
In case variables are persistent, their past values show little information about their future changes, making their lags become weak instruments for their differenced series. Thus, Arellano and Bover (1995) suggest a combination of Eq. (10) and Eq. (11) to form a system of two equations, an equation in difference series instrumented by lagged levels, and an equation in levels instrumented by lagged differences to which GMM is applied. It is known as S-GMM, a strategy which is able to enhance the efficiency via its reduction in biases and solving the weak instruments problem in D-GMM (Blundell & Bond, 1998) . The consistency of S-GMM is obviously based on the assumptions that the error terms are uncorrelated, the instruments are valid, and the changes in additional instruments are not correlated with province-fixed effects.
In comparison with the one-step GMM estimators, the two-step GMM estimators are more asymptotically efficient. However, the application of the two-step GMM estimators in small samples, as in our study, has some problems (Roodman, 2006) . These problems are set up by the proliferation of instruments, which quadratically increase as the time dimension increases. It can cause the number of instruments to be very large relative to the number of provinces. To avoid it, the rule of thumb should be applied to maintain the number of instruments less than or equal to the number of panel units (Roodman, 2006) .
The validity of instruments in S-GMM and D-GMM is assessed through Sargan statistic, Hansen statistic and Arellano-Bond statistic. The Sargan and Hansen tests with null hypothesis H 0 : the instrument is strictly exogenous, which means that it does not correlate with errors. Thus, the p-value of Sargan statistic and Hansen statistic is as big as possible. The Arellano-Bond test is used to detect the autocorrelation of errors in first difference. Thus, the test result of first autocorrelation of errors, AR (1) is ignored while the second autocorrelation of errors, AR (2), is tested on the first difference series of errors to detect the phenomenon of first autocorrelation of errors, AR(1).
Research data
Cross-sections and time series are extracted to accommodate the balanced panel data of 52 provinces 2 over the period of 2005-2014 from General Statistics Office of Vietnam (GSO). There are 11 out of 63 provinces to be eliminated due to data not available. We define and calculate the variables as follows:
 Real GDP per capita (GDP): a real gross domestic product of a province, proxy for economic growth of a province. This variable is used in form of natural logarithm.
 Government investment (GIN): public investment capital in a province (% GDP).
 Consumer price index (INF): a proxy for inflation of a province. It is used in form of natural logarithm.
 Private investment (PIN): private investment capital in a province (% GDP).
 Public recurrent expenditure (GEX): the current expenditure of a province (% GDP).
 Labor force (LAB): a ratio between working age people (15-64) and total population of a province (%).
 Infrastructure (TEL): the number of telephone lines per 100 people. It is proxy for development of infrastructure in a province. It is used in form of natural logarithm.
 Trade openness (OPE): a ratio between sum of exports and imports and GDP (%). It is proxy for the policy of openness of a province.
The statistical description of variables is presented in Table 1 . The matrix of correlation coefficients for variables is presented in Table 2 . Public investment, inflation, private investment, government current expenditure, and force labor are negatively linked with whilst infrastructure and trade openness is positively connected to economic growth at least significance of 5% level. All correlation coefficients between explanation variables are lower than 0.8, which helps to eliminate the possibility of colinearity between these variables. 
Results and discussion
S-GMM estimates
The appropriateness of S-GMM
The main results derived by S-GMM are reported in Table 4 . The signs of estimated coefficients, which show the effects of public investment, inflation, and private investment on growth, are opposite to those of correlation coefficients given in Table 2 . It implies that there exists an endogenous phenomenon between the regressand and regressors. Hence, S-GMM with instrumental variables seems to be appropriate for this empirical model.
In the estimation procedure, we detect inflation and private investment are endogenous, so we use the lags of these variables as instrumented and the remaining variables (public investment, government recurrent expenditure, labor force, infrastructure, and trade openness) as instruments. In order to assess the validity of these instruments and the serial auto-correlation of residuals, we performs the Sargan and Hansen tests (test of overidentifying restrictions with the null hypothesis "the instruments as a group are exogenous") as well as the Arellano-Bond test for serial correlation AR(2), which is applied to the difference residuals to purge the unobserved and perfectly auto-correlated. In Table  4 the Hansen and Sargan tests for over-identifying restrictions indicate that the instrument set turns out valid. The Arellano-Bond AR(2) tests accept the hypothesis of no autocorrelation of the second order. In addition, the number of instruments is less than or equal to the number of provinces. Therefore, these results support our model specification.
Inflation and public investment
In his arguments, Ferreira arguably states that public investment is financed by inflation tax (through money creation) (Ferreira, 1999, page 553) . In order to assess the impact of inflation on public investment, the following empirical equation is used:
where Z it is a set of control variables (private investment, government current expenditure, economic growth, labor force, infrastructure, and trade openness). The estimated results are presented in the Table 3 . Inflation increases public investment. In fact, inflation can distort the public capital spending in infrastructure (Hefner and Burson, 1990) . When inflation increases, ceteris-paribus, the government has to spend more investment capital to accomplish a given public project. It implies higher inflation leads to a larger volume of public investment capital.
The estimated results also show private investment and recurrent expenditure have significantly positive effects while labor force has a negative impact on public investment.
Public investment, inflation and growth
The estimated results in the Table 4 show that: (i) the first lag of growth significantly and positively correlates with economic growth in level, confirming the conditional convergence of per capita income among provinces in the long term (Barro et al., 1991; Tondl, 2001) ; (ii) public investment and inflation significantly enhance economic growth, but their interaction term impedes it; and (iii) private investment and trade openness have significantly positive effects whilst government recurrent expenditure has a significantly negative impact on growth.
The positive effect of public investment on growth is obviously consistent with , Mittnik and Neumann (2001) , Milbourne et al. (2003) , Ramirez and Nazmi (2003) , Kataoka (2005) , Belloc and Vertova (2006) , Rodríguez-Pose et al. (2012) , and Abiad et al. (2016) . In recent years, public capital spending in provinces of Vietnam is largely invested in infrastructure development to serve for local economic activities, in building schools to improve quality of education, and in building hospitals to improve the quality of healthcare. Thus, public investment in Vietnam positively contributes to economic growth through providing infrastructure for economic activities and significantly enhances accumulation of human capital through improving education and health. Meanwhile, the positive impact of inflation on growth confirms the prior finding in Mallik and Chowdhury (2001) that its positive contribution is to improve the saving and investment (Jin & Zou, 2005) .
Contrary to public investment and inflation, their interaction term reduces growth. We believe that the negative impact of interaction term can mainly come from an increase in inflation. One hand, a moderate increase in inflation positively promotes economic growth (as shown in Table 4 ). On the other hand, cetaris-paribus, it leads to a larger volume of public capital spending (as shown in Table 3 ). To achieve the same benefits for a given public investment project, the volume of public investment in case of high inflation is larger than that in case of low inflation. Hence, under high inflation, the volume of public investment is higher for the same utility, which is detrimental to economic activities and growth.
The public recurrent expenditure, a nonproductive expenditure, is basically local government spending on administration such as wages, salaries, interest on loans, maintenance cost… which does not result in the creation or acquisition of fixed assets. Bleaney et al. (2001) indicate the negative but insignificant impact of recurrent expenditure on growth.
In the models of economic growth, private investment is a crucially endogenous input to contribute to output. Ghura (1997) provides empirical evidence to confirm the positive role of private investment in the economy. Meanwhile, the positive impact of trade openness on growth has been found in Yanikkaya (2003) , and Makki and Somwaru (2004) . 
Robustness check by D-GMM
In order to check the robustness of S-GMM estimates, we re-estimate Eq. (9) and Eq. (11) using D-GMM. The corresponding results are shown in Table 3 and Table 4 . Consistent with D-GMM estimates, we find inflation promotes public investment (Table 3) . Similarly, public investment and inflation promote economic growth, but their interaction term reduces it (Table 4) . These findings are confirmed by battery of diagnostic tests shown at the bottom of Table 3 and Table 4 (Sargan, Hansen and Arellano-Bond AR(2) tests), indicating that D-GMM estimates are largely reliable.
Conclusion and policy implications
As an emerging economy with a relatively high level of public investment, Vietnam is facing some macro-economic challenges to stabilize and promote economic growth. Does inflation affect the public investment -growth relationship in Vietnam? We find the answer by using S-GMM for a balanced panel data of 52 provinces during the period of 2005-2014. The contribution of the paper to the literature is to investigate the role of inflation in the public investment -growth relationship. Therefore, the empirical results not only contribute to our understanding of the role of inflation in the public investment -growth relationship, but also suggest some important policy implications to the governments in developing countries, specifically the Vietnam government.
In line with previous literature, our study indicates public investment and inflation enhance economic growth, but their interaction term impedes it. From these findings, we emphasize that any research on the public investment -growth relationship in Vietnam without taking the role of inflation into account is likely to be a shortcoming. In addition, the empirical results show private investment, government recurrent expenditure, and trade openness are the significant determinants of growth.
The findings provide a case for more prudence in design, formulation and implementation of policies relating to public investment in developing countries. The implication is that inflation plays a crucial role in the public investment-growth relationship, and the control of inflation positively contributes to this relationship. Therefore, governments in developing countries, specifically the Vietnam government, should prudently control inflation to provide a conducive environment for contribution of public capital spending and improving economic growth. For future research, it will be useful to look at the role of inflation in the effects of different public capital spending by sectors on economic growth  
